In this article, we proposed an efficient estimator for estimating population proportion of individuals possessing sensitive attribute in a finite dichotomous population. We used the Hermite distribution to randomize the responses in the randomization design of Kuk [1]. The relative efficiency results depicted that the proposed technique is relatively better than those of Kuk [1], Singh and Grewal [2] and Hussain et al. [3] and Hussain et al. [4].
INTRODUCTION
A random variable Z is said to have a Hermite distribution if its probability mass function (pmf ) is given by
, z = 0, 1, 2, ..., ∞.
where a and b are the two parameters taking positive numbers. Furthermore, the mean and variance of Z are given by Z = a + 2b, and 2 Z = a + 4b, respectively. The distribution with pmf (1) is denoted by Her (a, b). For estimation of population proportion of the sensitive group, Warner [5] introduced the randomized response technique (RRT) in order to reduce non-response and misreporting in sensitive surveys. Several modifications of his RRT and new RRTs have been suggested. For better understanding of RRTs we refer to Blair et al. [6] and the references therein.
Kuk [1] modified Warner [5] model and argued that respondents feel insecure to answer a sensitive question, even when it is generated by a randomization device. He suggested using two decks each containing cards of two different colors, say C1 and C2. A respondent belonging to sensitive (non-sensitive) group is directed to use first (second) deck with proportion 1 ( 2 ) of C1 (C2) cards. The i th respondent, using either the first or second deck, is asked to randomly draw a card and report the color of the card drawn without disclosing the deck he/she have used. Let X i (Y i ) be the color of the card drawn from the first (second) deck. According to this design X i (Y i ) follows Bernoulli distribution with parameter 1 ( 2 ). The reported response, Z i , can be written as
here i is an indicator variable which taking value 1 if the respondent possesses sensitive attribute and 0, otherwise. Evidently,
Recently, Singh and Grewal [2] argued that the respondent have to report X i (Y i ) the number of cards he/she have drawn for getting first C1 card from first (second) deck according to their status. Here X i (Y i ) follows geometric distribution, G ( 1 ) (G ( 2 )). By changing the distribution of X i and Y i Singh and Grewal [2] improved the efficiency of estimator of . Following Singh and Grewal [2] work, Hussain et al. [3] and Hussain et al. [4] , respectively, used negative binomial and geometric distribution of order k, as randomization device [in their notation X and Y are distributed as (NB (r, 1 ) and NB (r, 2 )) and
, respectively] and provided efficient RRTs. We intend to use the Hermite distribution, in Kuk [1] set up. The rest of the article is arranged as follows: In Section 2, we present briefly the proposed survey method and give an unbiased estimator of and its variance. Relative efficiency comparisons are made in Section 3. Section 4 is about discussion of the results and giving a conclusive statement.
PROPOSED RRT
Suppose, in a sensitive survey, we provide two decks of cards to the respondents. Random number, X 1 , X 2 , X 3 , ..., X T , generated from Her (a 1 , b 1 ) , are written on cards placed in deck 1, and random numbers Y 1 , Y 2 , Y 3 , ..., Y T , generated from Her (a 2 , b 2 ) , are written on cards placed in deck 2. Each respondent in the sample is directed to use one of the two provided decks depending on his/her own status on sensitive attribute A. If a respondent possesses (does not possesses) sensitive attribute A, he/she is asked to draw a card from deck 1 (deck 2) and report the number X i (Y i ) written on the drawn card. Evidently, X i and Y i follows Her (a 1 , b 1 ) , and Her (a 2 , b 2 ) , respectively. The expected randomized response from the i th respondent may be written as
On solving (3) for and estimating E (Z i ) by the sample mean, z = 1 n n ∑ i=1 z i , of reported responses, we get
where X = a 1 + 2b 1 and Y = a 2 + 2b 2 .
By (4), the variance of( P) is given by
where 2 X = a 1 + 4b 1 , and 2 Y = a 2 + 4b 2 .
EFFICIENCY COMPARISONS
It is difficult to conclude from analytical comparison, here, so numerical comparisons are made between the proposed RRT and those proposed by Kuk [1] , Singh and Grewal [2] , Hussain et al. [3] and Hussain et al. [4] . Let( Kuk) ,( SG) ,̂( H 1 ) and̂( H 2 ) denote the estimators proposed by Kuk [1] , Singh and Grewal [2] , Hussain et al. [3] and Hussain et al. [4] , respectively. The estimators( SG) ,̂( H 1 ) and̂( H 2 ) and their variances can be readily obtained by (4) and (5) by setting different parameters as mentioned earlier. The estimator( Kuk) may also be obtained from (4) but its variance is given by
where Kuk = 1 + (1 − ) 2 , and k is the number of repetitions. Now, we define the relative efficiency of the proposed estimator( P) with respect to ( Kuk) ,
To know the extent of relative efficiency we have computed the RE J for different values of the design parameters, and the results are reported in the Tables 1 5 given below.
DISCUSSIONS OF RESULTS
From Tables 1 5, it is observed that the proposed estimator performs better than all the considered estimators over the whole range of . It is also worth mentioning that the proposed RRT is simple to apply as respondents have to just draw a card and report the number written on the card, while in the RRTs proposed by Singh and Grewal [2] , Hussain et al. [3] and Hussain et al. [4] respondents might have consumed a lot of time for observing a specific type of card and sequences of specific cards. Therefore, it is concluded that the proposed strategy of randomizing the response using Hermite distribution performs well without incurring any additional sampling and administrative cost. Table 1 Relative efficiency of( P) for r = k = 3, k 1 = 4, k 2 = 2, a 1 = 11, b 1 = 12, a 2 = 1 and b 2 = 2. Table 2 Relative efficiency of( P) for r = k = 3, k 1 = 4, k 2 = 2, a 1 = 11, b 1 = 12, a 2 = 1 and b 2 = 2. Relative efficiency of( P) for r = k = 3, k 1 = 4, k 2 = 2, a 1 = 11, b 1 = 12, a 2 = 1 and b 2 = 2. (Continued) Table 3 Relative efficiency of( P) for r = k = 3, k 1 = 4, k 2 = 2, a 1 = 11, b 1 = 12, a 2 = 1 and b 2 = 2. Table 4 Relative efficiency of( P) for r = k = 3, k 1 = 4, k 2 = 2, a 1 = 11, b 1 = 12, a 2 = 1 and b 2 = 2. Table 5 Relative efficiency of( P) for r = k = 3, k 1 = 4, k 2 = 2, a 1 = 11, b 1 = 12, a 2 = 1 and b 2 = 2. = 0.9 = 0.9
